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Introduction   
   
Periradicular surgery is the most frequently performed endodontic surgical 
procedure.  The aims of periradicular surgery are to remove the causes of disease 
and to provide a favourable environment for healing of the surgical wound. Root 
end filling materials are used to produce an impermeable seal to prevent the 
percolation of bacteria or their products between the root canal systems and 
periradicular tissues.  
Requirements of an ideal root-end filling material
[1-3]
 as follows: The material should 
adhere or bond to tooth tissue and “seal” the root-end three-dimensionally; not 
promote, and preferably inhibit, the growth of pathogenic microorganisms; be 
dimensionally stable and unaffected by moisture in either the set or unset state; be 
well tolerated by periradicular tissues with no inflammatory reactions; stimulate the 
regeneration of normal periodontium; be nontoxic both locally and systemically; not 
corrode or be electrochemically active; not stain the tooth or the periradicular 
tissues; be easily distinguishable on radiographs; have a long shelf life, be easy to 
handle.  
The purpose of this present article is to provide with comprehensive review of 
studies on sealing ability, biocompatibility and clinical outcomes of various root 
end filling materials. 
 
Search methodology 
For background literature, an electronic search was conducted in PubMed. Key words 
related to root-end filling materials, biocompatibility and micro leakage was used. We 
focused on studies published in the journals with the highest impact factor in the field 
of Endodontics and material sciences; International Endodontic Journal, Journal of 
Endodontics and Journal of Dental Materials. Apart from PubMed, the web pages of 
the manufactures were used to include the information that only has been published 
in the form of abstract or being just “data on file” without any other forum of 
publication. 
 
Amalgam 
For many years, amalgam was in many ways regarded as a high-grade filling material 
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Abstract      
                         
Root end filling is one of the most important aspects of the periradicular surgery. The purpose 
of root end filling material is to establish a impermeable seal of all the apical avenues of the 
root canal system and prevent the percolation of bacteria or their products between the root 
canal systems and periradicular tissues. The purpose of this article is to provide with a 
comprehensive review of studies on sealing ability, biocompatibility and clinical outcomes of 
Amalgam, Zinc Oxide Eugenol cements, Intermediate Restorative Material, Glass Ionomer 
Cement, Retroplast. Mineral Trioxide Aggregate and Biodentine when used as root end filling 
materials 
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Amalgam 
For many years, amalgam was in many ways regarded 
as a high-grade filling material when used for root- 
end fillings 
[4-6]
. Amalgam corrodes at different rates 
depending on its composition. Electrochemical 
corrosion of amalgam was reported to be responsible 
for failures of amalgam root-end fillings 
[7]
. The 
safety of amalgam as root end filling material has 
been an issue of concern in dentistry
 [8]
. Many 
invivo studies have reported unfavourable 
response to amalgam
. [9-12]
 Zinc present in 
amalgam is considered Cytotoxic 
[13, 14]
. There is 
growing concern over the use of amalgam in 
dentistry due to introduction of mercury into the 
body 
[15-20]
 
Many in vitro leakage studies have demonstrated that 
amalgam does not provide an effective „seal‟
 [21]
. Clinical 
studies on amalgam show that success rates were as 
low as 44% especially in studies longer than 5 years 
(22, 
23)
 
 
Zinc Oxide Eugenol cements 
Zinc oxide Eugenol cements have been used in past 
decades to replace amalgam; but they contain Eugenol 
which in contact with tissue fluids, is hydrolyzed and 
released 
[24]
 Free Eugenol has several dangerous effects 
depending on its concentration and length of exposure 
[25]
. Eugenol is the major cytotoxic component in ZOE 
cements 
[26–69]
. Zinc released from these cements was 
suggested as being partly responsible for the 
prolonged cytotoxic effect 
[30]
. 
 
Intermediate Restorative Material 
Intermediate Restorative Material is modified ZOE 
cement that has been reinforced by addition of 
polymethacrylate in the powder, eliminating the 
absorbability problem and eliciting a milder reaction. 
Studies show a better biocompatibility and higher 
success rate than amalgam 
[31-33]
. 
 
Super EBA 
Super ethoxybenzoic acid cement is an improved IRM 
[34]
. Super EBA is pH neutral, has low solubility 
[35]
 and has 
less leakage than amalgam 
[36, 37]
. It produces minimal 
chronic inflammation in the apex. It has excellent 
adaptation to the sectioned dentin edges, and collagen 
fibre apposition over the material has been observed 
[38]
. 
However, it is a difficult cement to manage when a large 
cavity has to be sealed, because of its short setting time
 
[39]
, and it is also affected by moisture and disintegrates 
in acidic pH 
[40]
.  
 
Glass Ionomer Cement (GIC) 
Glass ionomer cement consists of aqueous polymeric 
acid, such as polyacrylic acid plus basic glass particles, 
such as calcium aluminium silicate. GIC is greatly affected 
by moisture and blood during the initial setting time, 
resulting in increased solubility and decreased bond 
strength 
[41, 42]
; this significantly occurred in unsuccessful 
cases 
[43]
 the cytotoxicity and tissue response is similar to 
ZOE cements 
[44]
. 
 
Resins 
Resin composites have existed as dental restorative 
materials for more than 50 years. Application has 
included endodontic root-end filling, and the method 
has been documented in clinical studies on such 
materials as Retroplast, used in combination with 
GLUMA Desensitizer as a dentine bonding agent 
[45]
.Retroplast differs from other materials in that it is not 
placed in an apical class I cavity, but on an apical surface 
that has been made slightly concave. The technique of 
sealing the resected surface was first proposed by Rud et 
al 
[46]
, in an attempt to combat apical leakage through 
exposed dentinal tubules. In practical considerations 
[47]
, 
sealing with resins may be an option whenever root-end 
cavities cannot be prepared, because of morphology, or 
previous prosthodontic treatment. 
Since resins are widely used by dentists for many other 
purposes than root-end filling, sealing with resins may 
represent a clinically familiar alternative to other 
materials. Animal studies on root-end sealing with Super 
Bond C&B that although no Cementum like tissue 
formation had occurred, few inflammatory cells were 
present at the resin-interface; Cementum like tissue 
formation was only observed when using MTA. The 
authors concluded that root-end sealing with the resin 
was significantly better than using no retrograde filling 
material 
[47]
. 
A prospective clinical study concluded that Retroplast 
should be used with caution for root-end sealing in 
apical surgery of mandibular premolars and molars. The 
authors stated that published success rates of Retroplast 
when compared with other root-end filling techniques in 
clinical studies have always been lower than those of 
MTA, but because the MTA and Retroplast techniques 
use two different methods of root-end preparation, 
differences in treatment outcome cannot solely be 
attributed to the filling material itself 
[45]
. 
 
Mineral Trioxide Aggregate 
MTA was developed as a new root-end filling material at 
Loma Linda University, California, USA. A study on the 
physical and chemical properties of MTA investigated 
the composition, pH, radiopacity, setting time, 
compressive strength and solubility of the material 
compared with amalgam and reinforced ZOE cements 
[48]
.  Unlike a number of dental materials that are not 
moisture-tolerant, MTA actually requires moisture to set. 
The MTA powder consists of fine hydrophilic particles. 
When mixed with sterile water, hydration of the MTA 
powder results in a colloidal gel that solidifies into a hard 
structure.  It has a long setting time (2 h 45 min) so the 
material must be protected before it is fully set. The pH 
of MTA rises from 10.2 after mixing to 12.5 after 3 h, 
remaining unchanged afterwards. Likewise, the 
compressive strength of MTA increases with time, from 
40.0 MPa after 24 h to 67.3 MPa after21 days. 
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The  sealing ability of MTA was investigated  using 
fluorescent dye and confocal microscopy 
[49]
,  methylene  
blue  dye  
[50]
, and  bacterial  marker  
[51]
; its marginal 
adaptation  was assessed using scanning electron 
microscopy 
[52]
; the long-term  seal was measured  over a 
12-week 
[53]
 and 12-month period 
[54]
 using different fluid 
transport  methods. They all reported good results with 
MTA when ranked with other materials. This may be 
because of its moisture tolerance and long setting time. 
Several studies have shown that MTA has better 
marginal adaptation than glass ionomer cements, 
SuperEBA, IRM and amalgam 
[55]
. A recent study by 
Munhoz et al 
[56]
 also evaluated the marginal adaptation 
of MTA compared to the sealer AH26 when used as a 
root-end filling. The marginal adaptation was measured 
using a 3D profilometry and SEM. The study concluded 
that MTA had better marginal adaptation than Sealer AH 
26. One might think that marginal adaptation and 
sealing ability has a strong correlation. However, studies 
done by Orosco et al 
[57]
 have shown that this is not 
always the case. A literature review by Torabinejad & 
Parirokh 
[55]
 systematically went through articles from 
1993 to 2009 regarding the sealing ability and 
biocompatibility of ProRoot MTA. The review divided the 
sealing ability of MTA in relation to the leakage method 
used. In fluid filtration tests, the literature review by 
Torabinejad & Parirokh 
[55]
 concluded that ProRoot MTA 
is superior compared to IRM, SuperEBA and amalgam. A 
study by De Bruyne et al. 
[58]
 showed that MTA leaked 
more than Fuji IX. However, repeating the same 
experiment with only slight adjustments of the protocol, 
using bovine teeth instead if human teeth, gave 
conflicting results 
[55]
. 
Reviewing dye leakage experiments, Torabinejad & 
Parirokh concluded the following: MTA is one of the 
most resistant root-end filling materials to dye 
penetration. It is however emphasized that there is 
several factors affecting the dye leakage of MTA. These 
factors include the thickness of dentinal walls, the dye 
pH, the type of dye used, the tooth storage environment 
and if the MTA has set before being put in dye solution 
[55]
. 
MTA demonstrated reasonable biocompatibility in invitro 
cell culture techniques using established cell lines, 
primary cell cultures or a combination 
[59, 60–75]
. Tissue 
response evaluated in vivo by intra osseous and 
subcutaneous implantation experiments 
[76, 77–81]
 found 
MTA to be well tolerated. MTA has the ability to 
encourage hard-tissue deposition   and  the  mechanism  
of  action  may  have some  similarity to  that  of calcium  
hydroxide 
[82]
. Although   hard-tissue   formation   occurs   
early with MTA 
[83]
 Kim & Kratchman 
[84]
 did a review 
article on modern endodontic surgery concepts and 
practice, and found MTA to be the most biocompatible 
root-end filling material at that time. Chong et al. 
[85]
 
compared IRM and MTA as root-end filling materials to 
assess the success rate of MTA in a prospective clinical 
study. The success rate for IRM was 76% after 12 months 
and 87% after 24 months. For MTA the success rate was 
84% after 12 months and 92% after 24 months. However, 
no statistically significant differences between the two 
filling materials were found. 
Saunders 
[86]
 did a prospective clinical study using MTA 
as a root-end filling material. Out of a total of 276 teeth 
examined, 163 showed complete radiographic healing 
with no symptoms; 82 teeth had no symptoms but 
showed incomplete healing; 31 teeth showed no healing. 
The success rate including all teeth with no symptoms 
was 88.8%.Another prospective clinical study done by 
Lindeboom et al. 
[87]
 evaluated MTA and IRM as 
retrograde sealers in surgical endodontics, examining a 
total of one hundred single-rooted teeth. 50% of the 
teeth treated with IRM and 64% of the teeth treated with 
MTA showed complete healing. Incomplete healing was 
seen in 36% of the IRM treated teeth, and in 28% of the 
MTA treated teeth. Unsatisfactory healing was seen in 
14% of the IRM treated teeth, and 6% of the MTA 
treated teeth. No statistically significant differences 
between the two filling materials were found. 
 
Biodentine 
Biodentine with Active Biosilicate Technology was 
announced by dental materials manufacturer Septodont 
in September of 2010, and made available in January of 
2011. According to the research and development 
department of said manufacturer, “a new class of dental 
material which could conciliate high mechanical 
properties with excellent biocompatibility, as well as 
bioactive behaviour” 
[88] 
had been produced. According 
to the manufacturer, the material can be used as a 
“dentine replacement material whenever original dentine 
is damaged.” 
Biodentine is a calcium silicate based material used for 
crown and root dentin repair treatment, repair of 
perforations or resorptions, apexification and root-end 
fillings. The material can also be used in class II fillings as 
a temporary enamel substitute and as permanent 
dentine substitute in large carious lesions 
[88]
. The 
manufacturer points out the biocompatibility and the 
bioactivity of the material, which is important since the 
use of the material involves indirect and direct pulp 
capping and pulpotomy. According to the manufacturer, 
Biodentine preserves pulp vitality and promotes its 
healing process 
[88]
. 
Laurent et al. 
[89] 
tested a new Ca3SiO5-based material to 
evaluate its genotoxicity, cytotoxicity and effects on the 
target cells specific functions. The study concluded that 
the new material is biocompatible. The material was not 
found to affect the specific functions of target cells and 
thus could safely be used in the clinic. About et al. 
[90]
 
investigated Biodentine bioactivity by studying its effects 
on pulp progenitor cells activation, differentiation and 
dentine regeneration in human tooth cultures. The study 
concluded that Biodentine is stimulating dentine 
regeneration by inducing odontoblast differentiation 
from pulp progenitor cells. Laurent et al. 
[91]
 did further a 
study to investigate the capacity of Biodentine to affect 
TGF-β1 secretion from pulp cells and to induce 
reparative dentine synthesis. Biodentine was applied 
directly onto the dental pulp in a human tooth culture 
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model, resulting in a significant increase of TGF-β1 
secretion from pulp cells and thus inducing an early form 
of dental pulp mineralization shortly after its application. 
Han & Okiji 
[92]
 compared calcium and silicon uptake by 
adjacent root canal dentine in the presence of 
phosphate buffered saline using Biodentine and ProRoot 
MTA. The results showed that both materials formed a 
tag-like structure composed of the material itself or 
calcium- or phosphate rich crystalline deposits. The 
thickness of the Ca- and Si-rich layers increased over 
time, and the thickness of the Ca- and Si-rich layer was 
significantly larger in Biodentine compared to MTA after 
30 and 90 days, concluding that the dentine element 
uptake was greater for Biodentine than for MTA. 
In this literature review we have concentrated on 
Biodentine as a root-end filling. For this use there are no 
published studies, whereas the only documentation 
available is from the manufacturer. The material has 
indications similar to calcium silicate containing materials 
e.g. MTA. Manufacturer claims that Biodentine has 
features as an endodontic repair material that are 
superior to MTA: Biodentine has better consistency, 
better handling and safety, and faster setting time which 
creates no need for a two step obturation. Clinical 
outcomes for Biodentine used in root-end filling are 
currently lacking. 
 
Conclusion 
Currently no ideal root-end filling material exist which 
can provide a perfect „physical seal.‟ Yet surgical 
endodontic management of the   root   end   can   result   
in   successful outcomes, suggesting that an 
impenetrable „apical seal‟ may not be an absolute pre-
requisite. Apart from sealing ability there are other 
factors like ability to fight infection, tolerance of surgery 
and rate of healing that may influence the outcome of 
periradicular surgery.  
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